ABSTRACT Inter-individual differences in sensitivity to chemical carcinogens may contribute to differences in susceptibility to human cancer subsequent to environmental exposures. It has been reported that polymorphisms in glutathione S-transferase (GST) and cytochrome P-450 oxidase (CYP) genes are associated with increased risk of tobacco-related cancers in different ethnic populations. In this study, we investigated polymorphisms in GSTM1, GSTT1, CYP1A1 and CYP2E1 genes in 80 oral squamous cell carcinoma (SCC) patients and 67 controls from one Indian population. Prevalence of the GSTM1 homozygous null genotype was 39 in 80 patients (49%) compared to 18 in 67 controls (27%) [age and sex adjusted OR=1.8, 95% CI=1.0-3.6]. Analyses of data on polymorphisms in GSTT1, CYP1A1 and CYP2E1 did not reveal significant differences in distribution of genotypes between patient and control groups. Our results confirm that GSTM1 homozygous null genotype adds to the risk of oral cancer development among tobacco users. But low sample size limited the power to estimate tobacco dose-genotype interactions.
INTRODUCTION
Incidence of head and neck cancer ranks first in males and third in females among all cancers in India (Parkin et al. 1997; ICMR 1992) whereas it ranks fifth globally (Parkin et al. 1993) . Epidemiologically it has been associated with frequent use of tobacco smoking and chewing with or without betel quid (product of chewing betel leaf along with areca nut and lime) in India as well as South-East Asian countries (ICMR 1992; Ko et al. 1995) . Tobacco smoking and alcohol con-sumption have been identified as the main risk factors for oral cancer in Western population (La Vecchia et al. 1997) . Polycyclic aromatic hydro-carbons (PAHs), aldehydes and nitrosamines are thought to be carcinogenic components present in tobacco smoking. But chewing of tobacco with betel quid increases the concentrations of carcinogenic tobaccospecific nitrosamines and reactive oxygen species in mouth (Nair et al. 1992) . It is now accepted that carcinogenic risks from exposure to exogenous chemicals depend not only on the intrinsic nature and dose of each chemical but also on inter-individual variability in sensitivity to the carcinogens.
Most pro-carcinogens require metabolic activation by Phase I enzymes (e.g. cytochrome P450 oxidase (CYP) 1A1, 2E1) to act as carcinogens but detoxification of the same by Phase II metabolic enzymes (e.g. glutathione Stransferase (GST) M1, T1) are also maintained by the body to protect itself against the ill effects of carcinogens. CYP1A1 and CYP2E1 are considered to play important roles in the activation of PAHs and nitrosamines, respectively (Kadlubar and Hammons, 1987) . The polymorphic MspI site in CYP1A1 gene, at the 264 th base downstream from additional poly (A) signal in the 3'-flanking region, has been shown to be associated with susceptibility to lung and oral SCC (Le Marchand et al. 1998; Sato et al. 1999; Tanimoto et al. 1999) . But lack of association has also been reported in different populations (Matthias et al. 1998; Katoh et al. 1999) . Polymorphism at PstI site, in the transcription regulation region of CYP2E1, can modulate gene expression. The rare/variant allele increased expression of chloramphenicol acetyltransferase gene in HepG2 cell line in vitro assay (Hayashi et al. 1991) . The association between variant genotype at this site of CYP2E1 gene and prevalence of oral cancer has also been reported (Hung et al. 1997; Tan et al. 2000; Liu et al. 2001) .
The known substrates of GSTM1 include metabolically generated epoxide intermediates of benzo-a-pyrene (BP) and other PAHs, whereas those of GSTT1 include alkyl halides found in tobacco smoke. GSTM1 and GSTT1 enzymes are known to catalyze detoxification of reactive oxygen species formed in oral cavity during chewing of tobacco with betel nut and lime (Nair et al. 1999) . Homozygous GSTM1 null genotype has been associated with higher risk of laryngeal, lung, bladder and colon cancers (Hayashi et al. 1992; Lafuente et al. 1993; Chenevix-Trench et al. 1995; Katoh et al. 1996; Jourenkova-Mironova et al. 1998; Cheng et al. 1999) . Some studies reported positive association between the GSTM1 null genotype and high risk of oral cancer among Japanese (Katoh et al. 1999; Sato et al. 1999 ) but others failed to observe this association in same population (Tanimoto et al. 1999) . Similarly, studies on Caucasians also reported both the presence and absence of association (Trizana et al. 1995; Park et al. 1997) . Homozygous null genotype at GSTT1 has been reported to be associated with increased risk of brain and colorectal cancer (Elexpuru-Camiruaga et al. 1995; Deakin et al. 1996) . Most association studies between genetic polymorphism and tobacco use have focussed on tobacco-smoking related cancer risk, but only a few studies have reported tobacco chewing-related oral cancer (Ko et al. 1995; Soni et al. 1995; Kietthubthew et al. 2001; Sreelekha et al 2001; ) . Oral cancer attributable to tobacco chewing and smoking is a significant public health burden in India and South-East Asia. Studies, on different Indian populations, reported both presence and absence of increased risk of oral cancer due to polymorphisms in GST and CYP genes (Sreelekha et al 2001; Buch et al 2002; Sikdar et al 2004) . So, it is important to conduct this study in different ethnic populations to arrive at a meaningful conclusion. Here we report oral cancer risk among tobacco chewers and smokers in relation to polymorphisms in CYP1A1, CYP2E1, GSTM1 and GSTT1 genes in an East Indian population.
MATERIALS AND METHODS
Study Populations: All patient and control individuals belonged to same ethnic population (called "Bengalee") and were living in Kolkata, previously known as Calcutta, a big city on Eastern part of India. Information on tobacco smoking, chewing and keeping in-mouth, alcohol consumption, duration of habits, age and sex of all individuals were recorded during an interview by Dental Doctor at the time of first visit. Most of the patients and controls belonged to lowincome group (family income <100 US$ per month) and this is one of the reasons for which they visited Government hospital for treatment. Both patients and controls had occupations in diverse areas such as agriculture, industry, car driving, private sector office, small business etc. Most of the females were housewives and doing only household jobs. Written consents were obtained from all individuals before collection of blood and tissue samples as required in this study.
Patients: Individuals attended Chittaranjan National Cancer Hospital (a tertiary referral center, n=26) and Dr. R. Ahmed Dental College and Hospital (a secondary referral center, n=54), both located in Kolkata, for treatment of oral lesions during the years 1998-1999 and were enrolled as cases in this study with written consent. Biopsy materials from oral lesions of the patients were histologically examined for SCC. All patients (n=80) had at least one kind of tobacco habit.
Controls: Individuals attended Nilratan Sircar Medical College and Hospital (a general hospital) in Kolkata, India, for treatment of diseases such as cough & cold, indigestion, tuberculosis, gynecological problem during the year 1998; but without any lesion in oral cavity and were enrolled as controls in this study (n=40). Individuals suffering (or having history of suffering) from lung, colon, gastric, bladder cancers etc. which are known to be influenced by tobacco habits, were excluded from this study at the time of enrollment. Some healthy individuals (n=27), without any lesion in oral cavity, also volunteered to become controls in this study. All individuals (n=67) who were aged >40 years and had habits of tobacco smoking or/ and chewing or/and keeping in-mouth but without any oral lesions, were recruited as controls.
Tobacco and Alcohol Habits: Three ways of tobacco use, namely smoking, keeping/dipping in mouth for 2-4 hr and chewing for 1-2 hr, were observed in patients and controls. Tobacco was smoked either in the form of cigarette or bidi (about 2-3-inch long tobacco stick that contained tobacco flakes packed in a Temburni leaf wrapper). Tobacco dippers kept tobacco, mixed with lime in between lower lip and teeth. Chewers used tobacco in the form of betel quid that comprises leaf of betel vine (Piper betle L) wrapped around areca or betel nut (nut of Areca catechu L), slaked lime, catcheu (extract of Acacia catechu L) and tobacco. Individuals in study population were divided into two habits groups: tobacco "chewers/keepers" and "smokers". About 85% of smokers had habits of both cigarettes and bidis, so bidi and cigarettes smokers were not analyzed separately. In patient group, only few (<5%) had occasional alcohol drinking history and none of the controls had alcohol-drinking habit. So, alcohol consumption was not considered in statistical analysis. Duration of tobacco habits ranged 5-25 yr. in patients and controls.
DNA Isolation and Genotyping: Genomic DNA was isolated from venous blood of patient and control individuals by proteinase-K treatment and salt extraction procedure (Miller et al. 1988) .
Homozygous null genotypes at GSTM1 and GSTT1 were determined using a multiplex hotstart polymerase chain reaction (PCR) procedure, for simultaneous amplification of both genes and an internal control, in GeneAmp PCR system 2400 (PE Biosystems, USA). The primer sequences and PCR conditions were similar as described by Nair et al. (1999) , except 1U of Platinum DNA Taq polymerase (Gibco BRL, Life Technologies, Rockville, MD) was used in these reactions. Amplified PCR products were electrophoresed in 2% agarose gel and stained with ethidium bromide. Homozygous GSTM1 and GSTT1 null genotypes were evidenced by the absence of 215 bp and 480 bp fragments in the PCR products, respectively, along with the presence of an internal control band of 350 bp albumin fragment.
Genotype identification of the CYP1A1 was carried out by PCR amplification of DNA samples followed by digestion with MspI to detect substitution of CTGG allele (lack of MspI recognition site i.e. -site) by CCGG allele (presence of MspI recognition site i.e. + site) at the MspI polymorphic site (Sato et al. 1999) . The digested products were electrophoresed in 1.5% agarose and stained with ethidium bromide to count the genotypes +/+, +/-, and -/-of the samples.
Similarly CYP2E1 genotypes of DNA samples were detected by PCR amplification followed by digestion with PstI enzyme (Kato et al. 1992) . The digested PCR products were electrophoresed in 2% agarose gel and stained with ethidium bromide to count the genotypes (+/+, +/-, -/-) of the samples based on the presence (+) or absence (-) of enzyme recognition site.
PCR Product Sequencing: Few PCR products (5%), from all loci, were sequenced (ABI prism 3100, Applied Biosystem) to confirm the genotypes which were determined by PCR and PCR-RFLP methods.
Statistical Analysis: Age and sex adjusted risk of oral cancer was calculated as odds ratios (ORs) and 95% confidence interval (CIs) for genotypes in all patients by multiple logistic regression analysis using SPSS statistical package. Chi-square test with Yates' correction was used for comparison of proportions. Due to low sample size, they were not stratified on the basis of chewing and smoking habits and doses for analysis.
RESULT
A total of 80 oral cancer patients and 67 controls were included in this study and the patients were almost similar in mean age with respect to controls (52.8 ± 12.4 and 55.3± 11.7 yr, respectively). The smokers comprised 27 patients and 16 controls and chewers/keepers were 53 in patient and 51 in control groups, respectively (Table 1) . Major tumor sites were buccal mucosa (30%) followed by tongue (24%), cheek (10%) and floor of the mouth (5%). Remaining patients were affected at one or two of the following sites e.g. lip, tonsil, larynx, mandible, palate and alveolar mucosa.
Genotypes (5%) determined by sequencing method was identical to those done by PCR or PCR-RFLP methods at all loci (data not shown). So, remaining genotypes were determined by PCR or PCR-RFLP methods. Distribution of GSTM1 homozygous null genotype in patients (n=39, 49%) was significantly higher (OR=1.8, 95% CI=1.0-3.6) than controls (n=18, 27%) but that of GSTT1 was similar in both groups ( Table  2) . Frequency of individuals having homozygous null genotypes in both GSTM1 and GSTT1 was greater among patients (n=6, 8%) compared to controls (n=1, 1%) thus suggesting higher risk of oral cancer in individuals with homozygous null genotypes in both genes. We also compared frequencies of GSTM1 and GSTT1 homozygous null genotypes among patients and controls on the basis of kind of tobacco habits (i.e. smoking or chewing/keeping) but no significant differences were observed (data not shown). More sample size may be needed to determine the independent effect of smoking or chewing/keeping on the risk of oral cancer among GSTM1 and GSTT1 homozygous null individuals.
Frequency of CYP1A1 variant (+/+) genotype at MspI site in patients (n=8, 10%) was not significantly different than controls (n=5, 7%). Frequencies of combined variant and heterozygous CYP1A1 genotypes were also not significantly different among patients and controls (data not shown and Table 3 ). The CYP2E1 variant (+/+) genotype at PstI site was absent among patients and controls. But the frequency of heterozygous (+/-) CYP2E1 genotype in patients (n=4, 5%) was not significantly different than controls (n=1, 1%).
DISCUSSION
Majority of the patients (66%) and controls (76%) had the habit of using smokeless tobacco either in the form of 'keeping in mouth' or chewing or both. The remaining patients (34%) and controls (24%) had tobacco smoking habit (Table 1) . Since epidemiological studies had already established that tobacco smoking as well as chewing are causative agents for oral cancer in Indian and Taiwanese populations (IARC 1986; Sankaranarayanan et al. 1990 ) so we tried to recruit controls who were matched in tobacco habits of patients. Duration and dosage of tobacco habits were not considered for any analyses because of low sample size. In this study, ratios of males to females were more among (67) 18 (27) 9 (13) 1 (1) *; age and sex adjusted; p=0.01 Few patients could not be typed. +, -; alleles represent presence and absence of MspI and PstI enzyme recognition sites in CYP1A1 and CYP2E1 genes, respectively. *; Variant homozygotes (+/+) in CYP1A1 gene and heterozygotes (+/-) in CYP2E1 gene were compared for age and sex adjusted OR and 95% CI (N) patients (5.1: 1) than controls (1.6: 1). Females in India are traditionally not tobacco smokers but both males and females use smokeless tobacco. This possibly explains the higher prevalence of oral cancer among males than females in India, which was reflected in Table 1 and also known from other epidemiological data (ICMR 1992) .
Frequencies of GSTM1 and GSTT1 homozygous null genotypes vary widely in global different populations. GSTM1 homozygous null genotype ranged from 22-35% in Africans, 38-67% in Caucasians and 33-63% in East Asian populations. GSTT1 homozygous null genotype ranged from 10-18% in Caucasians and was 58% in Chinese populations Nelson et al. 1995; Rebbeck 1997) . The frequencies of homozygous null genotypes in 'Asian Indians' living in Los Angeles and Malaysia have been reported to be 33-36% (GSTM1) and 16% (GSTT1), respectively (Lin et al. 1994; Lee et al. 1995; Zhao et al. 1995) . In a study (Roy et al. 2001) , we observed wide variation in the frequencies of homozygous null genotypes in different ethnic Indian populations from Eastern and Northern parts of India (frequency ranges were 20-79% in GSTM1 and 3-39% in GSTT1 genes, respectively). In a case-control study on oral leukoplakia from an Indian population, Nair et al (1999) reported that frequencies of GSTM1 and GSTT1 homozygous null genotypes were 17% and 22%, respectively, in control individuals who were chosen from a city (Bombay) located on Western part of India. In another study, Sreelekha et al. (2001) reported frequencies of GSTM1 and GSTT1 homozygous null genotypes as 33% and 8%, respectively, in their control population from South India. But prevalence of GSTM1 and GSTT1 homozygous null genotypes were 27% and 13%, respectively, in our control individuals who were from a city (Kolkata) located on Eastern part of India. These differences in the frequencies of GSTM1 and GSTT1 homozygous null genotypes in populations from three geographical regions suggest genomic diversity in different ethnic populations of India.
The patient and control individuals of this study were similar in ethnicity (called Bengalee) and nutrition (as they belonged to low income group). Occupationally neither the patients nor the controls were exposed to any toxic chemicals. The effects, if any, of confounding factors such as ethnicity, diet and occupation would be similar in patients and controls. In this study, 49% of the patients had GSTM1 homozygous null genotype compared to 27% in controls (p=0.01) whereas frequencies of GSTT1 homozygous null genotype were similar in patients (14%) and controls (13%). So, the significant difference in the frequencies of GSTM1 homozygous null genotype in patients and controls, observed in this study, may be attributed as real rather than artifact (Table 2 ). Since GSTM1 could detoxify activated tobacco carcinogens such as PAHs and nitrosamines, so the patients lacking this gene, i.e. this enzyme, became susceptible to tobacco smoking and chewing. This study also supports the observation on positive association between presence of GSTM1 homozygous null genotype and risk of oral cancer reported in a West-Indian population (Buch et al. 2002) . Some studies have reported presence of positive association between GSTM1 homozygous null genotype and high risk of oral cancer in Japanese population (Katoh et al. 1999; Sato et al. 1999 ) but others have failed to observe this association in same population (Hori et al. 1997; Tanimoto et al. 1999) . Similarly, studies on Caucasian population also reported both presence and absence of this association (Trizana et al. 1995; Park et al. 1997) . Jourenkova-Mironova et al (1999) and Hung et al (1997) reported presence of association between GSTT1 homozygous null genotype and increased oral cancer risk in Caucasian and Chinese patients respectively which was not observed in this study. Lack of positive association between GSTT1 homozygous null genotype and increased risk of oral cancer were also reported in Indian populations (Sreelekha et al. 2001; Buch et al. 2002) . The reasons for this discrepancy in findings between Indian and other populations might be due to differences in ethnicity, nature of the tobacco habit and small sample size.
Frequency of variant homozygote at MspI site of CYP1A1 gene (i.e. +/+ genotype) was 7% in this control population (Table 3) which had been reported to be 8% and less than 1% in Japanese and Caucasian populations, respectively (Cascorbi et al. 1996; Tanimoto et al. 1999 ). Frequency of rare homozygote at PstI site in CYP2E1 gene (i.e. +/+ genotype) was 0% in this study (Table 3) which had been reported to be 3% and less than 1% in Japanese and Caucasian populations, respectively (Kato et al. 1992 ). Absence of rare genotype at PstI site in CYP2E1 gene, in all individuals (n=145) of this study, raises the possibility that a selection pressure might have acted on this gene. Although CYP1A1 and CYP2E1 are important for activation for PAHs and nitrosamines, the frequencies of rare CYP1A1 and heterozygous CYP2E1 genotypes did not differ significantly between patients and controls in this study (Table-3) . Reports on Japanese, Caucasian and Chinese populations described association between rare homozygote at MspI site in CYP1A1 and increased risk of oral SCC (Sato et al. 1999; Tanimoto et al. 1999) . Again, lack of association was also observed in Japanese (Katoh et al. 1999) as well as Caucasian population (Matthias et al. 1998) . But, our results indicated that polymorphisms at MspI site of CYP1A1 and PstI site of CYP2E1 genes did not modulate risk of oral SCC in this population. Lack of association between CYP2E1 genotype and increased risk of oral cancer is not in consistence with the reports on Caucasians and Chinese (Chenevix-Trench et al. 1995; JourenkovaMironova et al. 1998 ). The CYP1A1 and CYP2E1 genes possess other polymorphic sites that are known to modify enzyme activity in vivo (Tsutsumi et al. 1994; Sreelekha et al. 2001) , so it will be worthwhile to look into those polymorphic sites for association study. Differences in the frequencies of combined genotypes, such as (homozygous GSTM1 null + variant CYP1A1) and (homozygous GSTM1 null + heterozygous CYP2E1), were not significant between patient and control groups (data not shown) which were not in consistence with other reports (Sato et al. 1999; Sreelekha et al. 2001; Tanimoto et al. 1999 ). In conclusion, this study indicated that individuals with GSTM1 null genotypes had high risk of oral SCC but further study with more samples is needed to substantiate this observation.
